Streptococcus mutans were detected in the feces from 10 of 29 caries-active patients, aged 4 to 9 years. The percentage of S. mutans to the total counts of facultatively anaerobic streptococci on mitis salivarius agar (Difco Laboratories) varied from 0 to 72.5%. S. mutans were then isolated from dental plaque of sound teeth and carious dentin of the 10 subjects known to harbor S. mutans in the feces. The frequency distribution of various serotypes of these dental and fecal isolates of S. mutans was compared by the immunodiffusion technique. Of the total 1,047 isolates (290 isolates from feces, 289 from dental plaque, and 468 from carious dentin), type c isolates were most prevalent (ca. 66%). Serotype d, e, f, and g isolates were also found but in far lower frequencies. Plural serotypes of S. mutans were occasionally found in dental and fecal samples of a single subject. For two subjects, relatively rare serotypes of S. mutans in the population examined, serotype e, f, or g, were predominantly found in their fecal and dental samples and those of their siblings and mother, suggesting an intrafamilial transmission of S. mutans.
Streptococcus mutans were detected in the feces from 10 of 29 caries-active patients, aged 4 to 9 years. The percentage of S. mutans to the total counts of facultatively anaerobic streptococci on mitis salivarius agar (Difco Laboratories) varied from 0 to 72.5%. S. mutans were then isolated from dental plaque of sound teeth and carious dentin of the 10 subjects known to harbor S. mutans in the feces. The frequency distribution of various serotypes of these dental and fecal isolates of S. mutans was compared by the immunodiffusion technique. Of the total 1,047 isolates (290 isolates from feces, 289 from dental plaque, and 468 from carious dentin), type c isolates were most prevalent (ca. 66%). Serotype d, e, f, and g isolates were also found but in far lower frequencies. Plural serotypes of S. mutans were occasionally found in dental and fecal samples of a single subject. For two subjects, relatively rare serotypes of S. mutans in the population examined, serotype e, f, or g, were predominantly found in their fecal and dental samples and those of their siblings and mother, suggesting an intrafamilial transmission of S. mutans.
The implication of Streptococcus mutans in the development of dental caries in humans and experimental animals has been extensively studied (4, 12, 15, (18) (19) (20) . The principal ecological niche for S. mutans has been shown to be on solid surfaces, such as teeth or prosthetic devices. However, S. mutans can also be isolated from saliva, feces, and blood (6, 7, 16, 23, 24, 27) .
S. mutans have been divided into at least seven serotypes, a to g (2, 10, 24) . Previous investigations have indicated that serotype c S. mutans was most prevalent, whereas serotypes a and b were not detectable in general and other serotypes were occasionally found in human populations (3, 10, 20, 24, 25) . Serotypes c, e, and f and serotypes d and g can be separated into two major groups in terms of immunological and biological properties of these bacteria (11, 14) . These two groups of S. mutans fall into genetically homogeneous groups, respectively (5) .
Keyes (15) demonstrated that "caries-resistant" rodents would become "caries active" after they had been inoculated with fecal material obtained from caries-active rodents, indicating the presence of cariogenic S. mutans in the feces of the caries-active rodents. Furthermore, oral ingestion of killed cells of S. mutans has been shown to induce production of anti-S. mutans antibodies of the immunoglobulin A class in saliva, milk, and colostrum and to provide enhanced protection against dental caries in gnotobiotic rats (21, 22) .
In view of these findings, it is of interest to compare serotype(s) of oral and fecal isolates of S. mutans. This paper describes the distribution of these S. mutans serotypes in dental plaques and fecal materials collected from a population of Japanese children and members of their families.
MATERIALS AND METHODS Isolation of S. mutans from children. A peanutsized fresh fecal sample was obtained from each of 29 children with carious teeth, ranging in age from 3 to 10 years, who had visited the pedodontic clinic of Osaka University Dental Hospital, Osaka. All fecal material was suspended in sterile saline containing 0.1% yeast extract and dispersed by sonication using a Tomy sonic oscillator (Model UR-150R, Tomy Works, Tokyo) at a maximum amplitude for 1 min in an ice bath. Tenfold serial dilutions (0.1 ml) were plated on the surface of mitis salivarius (MS) agar (Difco Laboratories). After incubation at 37°C for 24 h in an atmosphere of 95% nitrogen and 5% carbon dioxide followed by further aerobic storage for 2 to 3 days at room temperature, the plate was examined under an Olympus dissecting microscope for the presence of S. mutans and total viable counts of facultatively anaerobic streptococci. Plates containing about 100 to 200 colonies were inspected. Pooled samples of dental plaque from each subject who had been found to harbor S. mutans in their fecal flora were collected from the labial or buccal surface of sound teeth, using a sterile excavator. Pooled samples of softened dentin of carious teeth were also collected from each subject, using a sterile explorer. These samples were similarly processed as described above. Identification of S. mutans colonies on MS agar was based on their charac-
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teristic colonial morphology (10, 11) . The percentage of S. mutans among total streptococci on MS agar was calculated.
For serotyping, representative colonies (5 to 50 colonies) of S. mutans from each sample were picked, and their identity was confirmed by the ability to ferment sorbitol and mannitol and to adhere to a glass surface in the presence of sucrose. Pure cultures of the isolates were maintained by monthly transfer on brain heart infusion agar (Difco) slants.
Preparation of serotype-specific antisera. S. mutans strains E49 (serotype a), BHT MT703 (e), SEll (f), and OMZ 65 (g) were employed as vaccines for immunization. Serotype-specific rabbit antisera were prepared by adsorbing with cross-reacting, heterologous cells of S. mutans, as described previously (10) . These antisera contained no antibody against heterophile polyglycerophosphate antigen (13 Table  2) . Serotype c S. mutans was found to be the most prevalent and accounted for about 66% of the 1,047 total S. mutans isolates, whereas serotypes fand e accounted for about 17 and 13%, respectively. Serotypes d and g isolates were also detected, but in far lower frequencies. The number of S. mutans strains isolated from the three different sites of each subject and their serotypes are shown in Table 3 . Although plural serotypes of S. mutans were occasionally found at individual sites, serotype c was most commonly isolated in all sampling sites from 7 of 10 subjects. In samples from subjects C and F, however, the most prevalent serotype was e. In samples from subject E, the most prevalent was serotype f (Table 3) .
Intrafamilial comparison ofS. mutans serotypes. S. mutans were then isolated from dental or fecal samples or both which had been obtained from siblings and mother of subjects E and F, and serotypes of the isolates were determined. Subject F and her sister and mother predominantly harbored serotype e, especially in their carious lesions (Table 4) . However, serotype c strains were also found in the carious (7) have found S. mutans present in feces from 9 of 50 aged patients with or without colonic polyps.
In the mouth, S. mutans are almost ubiquitously found on the tooth surfaces of older children (19 surfaces, whereas considerable numbers of preschool children have detectable levels of S. mutans in the dental plaque.
The significant difference in the detection rate of S. mutans in the feces (Table 1) may be due to tooth eruption, caries experience, and general oral hygiene of the subjects when examined. It has been reported that tooth eruption provides a new solid surface for the establishment and proliferation of S. mutans in the oral cavity (28) . If increased numbers of S. mutans are dislodged and ingested, it would be possible that some of the cells may have entered from primary habitats, i.e., tooth surfaces or carious lesions or both, on the epithelium of the intestinal canal, and fecal S. mutans numbers could increase to a detectable level. In fact, considerable proportions (more than 10% of the total facultatively anaerobic streptococci) of S. mutans in feces were observed in many subjects; the greatest was 72.5% in a sample of subject D who harbored serotype c only (Table 1 ). This result strongly suggests that fecal S. mutans strains are not mere passersby but do proliferate in the possibly inimical environment in the gut. Furthermore, either live or dead cells of S. mutans in the feces could participate in immunological reaction associated with S. mutans antigens (21, 22) .
Methods of precise identification of individual bacterial strains have been utilized to demonstrate bacterial transmission in studies of infectious diseases or bacterial ecology or both. The present serological study confirmed a widespread occurrence of serotype c S. mutans and absence of serotypes a and b S. mutans in humans; strains of other known serotypes were occasionally found (10, 20, 24, 25) . Similar conclusions have been drawn on the basis of a scheme for the biotyping of S. mutans (8, 26) . However, it should be added here that the biotypes are not necessarily correlated with the serotypes (11, 24) . Furthermore, genotyping is not suitable for epidemiological surveys because of its technical complicatedness. Therefore, we It is of interest to note that plural serotypes of S. mutans were found in a single dental or fecal sample or both (Table 3) , as was reported previously (10) . Serotypes e, f, and g strains have been found infrequently in the Japanese population (Table 2) (20) . To trace transmission of S. mutans, therefore, we selected subjects who harbored these serotypes of S. mutans which could be used as markers for identification from predominant serotype c strains. In subjects F and E, strains of the same serotype(s) of S. mutans were isolated from dental or fecal samples, or both, of the mothers and siblings of the subjects (Table 4) . Furthermore, strains of each serotype obtained from child-mother pairs of these families or from different loci of a single subject demonstrated essentially similar mutacin patterns against 10 indicator strains of various streptococci (data not shown). Similar findings have been obtained by other investigators (1, 17) . These results indicate either that oral and fecal flora are repeatedly inoculated from the same external source via saliva or that intraoral spread occurs. However, it has been reported that implantation, colonization, and intraoral spread of S. mutans are rather difficult in general (1, 4, 9, 10, 28) . Precise solutions to explain why specific serotypes of S. mutans tend to establish, grow to predominance, and transmit within particular species or among family members depend on further investigations with more diverse populations and perhaps prospective study designs.
